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290Objective: The objective of our study was to evaluate the efficacy of 24/7 in-house intensivist care for patients
requiring prolonged intensive care unit (ICU) stay following cardiac surgery.
Methods:A propensity-matched retrospective before-and-after observational study comparing 2 models of ICU
physician staffing was undertaken. Previously, residents (with intensivist backup) provided care for patients after
cardiac surgery (surgical ICU cohort). ICU physician staffing was modified with the implementation of
24/7 in-house board-certified intensivist coverage in a cardiac surgery ICU (cardiac surgery ICU cohort) for
postoperative care. Patients with a prolonged ICU stay (ie,>48 hours) were identified and their outcomes
analyzed for both models of care.
Results: Propensity matching between cohorts was successful for 271 patients (75.7%), with matched patients
being used for comparison. There was no difference in ICU or 30-day mortality. There was also no difference in
ICU length of stay (LOS); however, the median hospital LOS was significantly shorter in the cardiac surgery
ICU cohort (12.3 vs 11.0 days; P<.01). There was a decrease in the proportion of patients receiving transfused
red blood cells in the cardiac surgery ICU cohort (80.8% vs 65.7%; P<.001). The cardiac surgery ICU cohort
had reduced complications relating to sepsis (4.7% vs 0.7%; P< .01) and renal failure (22.5% vs 12.5%;
P< .01); however, the identification of neurologic dysfunction was significantly higher (11.1% vs 20.7%;
P<.01).
Conclusions: For patients requiring a prolonged ICU stay, our model of 24/7 in-house intensivist coverage was
not associated with changes in ICU LOS, nor ICU and 30-day mortality. However a reduction in blood product
use, ICU complications, and total hospital LOS was observed. (J Thorac Cardiovasc Surg 2014;148:290-7)Supplemental material is available online.
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The Journal of Thoracic and Cardiovascular Surgresult, this demographic change in typical patients undergo-
ing cardiac surgery often results in a prolonged intensive
care unit (ICU) length of stay (LOS).2,3 Despite an
improved ability to identify patients who are at risk for
prolonged ICU stay,4,5 our ability to address ICU factors
leading to poorer outcomes remains limited.
The Society of Critical Care Medicine has previously
recommended 24/7 in-house certified intensivist staffing
for level-1 critical care centers.6 Despite this recommenda-
tion, only a minority of centers have adopted this initiative.7
Furthermore, the limited studies that have assessed the
efficacy of 24/7 intensivist coverage possess significant
heterogeneity in terms of patient population and physician
staffing models, thereby generating equivocal results.8-12
Recently we examined our initial experience with
in-house consultant coverage, and found a reduction in
allogeneic blood product use, a reduction in the requirement
for mechanical ventilation, and an overall reduction in
hospital LOS.13 Although our study was inclusive of all
individuals undergoing cardiac surgery, the majority of
patients remained lower risk/acuity patients, typically
suitable for discharge from the ICU during the proceeding
12 to 24 hours. A more relevant question may be regardingery c July 2014
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CICU ¼ cardiac surgery intensive care unit
ICU ¼ intensive care unit
LOS ¼ length of stay
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Mthe influence of 24/7 intensivist coverage on patients
with prolonged ICU LOS following cardiac surgery. It is
reasonably hypothesized that these are the patients who
may benefit most from the higher acuity of care. Therefore
the primary objective of our study was to evaluate the
efficacy of having 24/7 in-house intensivists on ICU and
postoperative outcomes of those patients with a prolonged
ICU stay following cardiac surgery.
MATERIALS AND METHODS
Data Source and Collection
A retrospective analysis was undertaken using the Winnipeg Regional
Health Authority ICU and Cardiac Sciences Program surgical databases
(Winnipeg, Manitoba, Canada), which contain prospectively collected
data. Approval for our analysis was obtained from the research ethics board
of the University of Manitoba and informed consent was waived for this
retrospective observational study.
Description of the Intensive Care Physician Staffing
Models
St Boniface Hospital is the sole regional care center in the province of
Manitoba for cardiac surgical procedures (1.2 million patients referral
base). Before 2007, patients undergoing cardiac surgery were admitted to
a traditional, mixed discipline surgical intensive care unit (SICU) with a
5- to 6-bed capacity for cardiac patients. Daytime coverage of the SICU
consisted of a consultant intensivist and a team of resident physician
house-staff from various disciplines. The SICU intensivist would direct
the team during daytime rounds for all patients. An in-house resident
physician provided overnight coverage with the intensivist providing
remote backup coverage. Most issues were dealt with remotely with the
intensivist returning to the hospital on rare occasions. Following
SICU discharge, patients were transferred to a step-down unit (SDU) for
intermediate care before the general cardiac surgical ward. In the SDU,
patients could retain invasive hemodynamic monitoring and receive
restricted doses of a limited number of inotropic and vasopressor agents
with a 3:1 patient to nursing ratio. The SDU environment was separate
from the SICU, and was considered an extension of the general ward.
In 2007, a dedicated cardiac surgery intensive care unit (CICU) was
created with an 8- to 10-bed capacity. The dedicated CICU model
employed 24/7 in-house intensivist coverage. At 1800 hours, the daytime
intensivist signed over care to an incoming intensivist who remained
in-house until 0800 hours the following day. The following morning,
patients were either discharged directly to the ward or signed over to the
daytime intensivist for continued CICU care. Concurrent with this change
in intensive care physician staffing, the SDU was eliminated, with patients
being directly transferred from the CICU to the ward.
Study Cohort
Prolonged ICU stay following cardiac surgery remains ill defined within
the literature.4,14,15 It can be argued that patients undergoing cardiac
surgery in the modern era fall into 1 of 2 categories.15,16 First, those whoThe Journal of Thoracic and Caare generally healthy undergoing low-risk operations (ie, isolated coronary
artery bypass grafting); these individuals are candidates for next-day ICU
discharge.17 A second group of patients are those with multisystem issues
requiring complex surgical procedures. Because the majority of patients
fall into the former category, we determined it prudent to define
prolonged ICU stay following cardiac surgery as those individuals who
are not eligible for next-day ICU discharge. In addition, to ensure the
exclusion of those patients who remained within the ICU as a result of
insufficient ward bed availability, prolonged ICU stay was defined as
LOS>48 hours.
All patients undergoing a cardiac surgical procedure, regardless of
comorbidity or urgency status, with a prolonged ICU LOS were included
in the study. The SICU cohort (ie, control group) consisted of patients
admitted to the traditional ICU 2 years before creation of the CICU
(January 2005-January 2007). The CICU cohort consisted of patients
admitted to the newly created dedicated CICU (January 2007-September
2008). Variables assessed in all patients included baseline demographics,
relevant comorbidities, laboratory parameters, and operative details, in
addition to ICU and hospital outcomes. Society of Thoracic Surgeons
definitions were used for operative characteristics and postoperative ICU
and hospital outcomes. ICU outcomes were complete for 100% of the
patients for a 10-day period following admission after surgery.
End Points
The primary objective of our study was to evaluate the efficacy of
24/7 consultant care. To this extent, primary end points of interest included
ICU and hospital LOS, recidivism, and ICU and 30-day mortality. ICU
recidivism was defined as readmission to the ICU during the same hospital
stay.18 Secondary end points included duration of mechanical ventilation
and allogeneic blood transfusion.
The secondary objective of our study was to investigate common ICU
complications (eg, respiratory failure, pneumonia, renal failure, sepsis,
cardiac arrhythmias, central line infections, cardiac arrest, and neurologic
dysfunction) and resource use (eg, vasoactive drug, hydroxyethyl starch,
and pulmonary artery catheter use) of patients requiring a prolonged
stay. See Table E1 for a complete list of ICU complications.
Statistical Analysis
Data are presented as mean  standard deviation or median and
corresponding interquartile range where appropriate. Baseline charac-
teristics of patients in both ICU cohorts were compared using Student
t test for continuous variables and c2 testing for categorical variables.
ICU mortality and 30-day mortality were both expressed as a proportion
and as an odds ratio (OR) with 95% confidence intervals. An
OR< 1 signifies decreased mortality in the CICU model compared with
the former SICU model of care. The median ICU and hospital LOS were
compared using the Wilcoxon rank-sum test. All reported P values are
2-tailed, with a<0.05.
Because it was not possible to randomly assign the model of ICU care, a
propensity analysis was undertaken to account for potential confounding
factors and case selection biases. Methodology and the reporting of these
data were based on a previous publication, which used propensity
methods.19 A propensity score derived from clinical and laboratory data
was developed using multivariable logistic regression. Variables used
included demographic data (eg, age, gender, body mass index, and acute
physiology and chronic health evaluation II score), baseline comorbidities
(eg, hypertension, dyslipidemia, diabetes, smoking history, chronic
obstructive pulmonary disease, previous cerebral vascular accident, and
peripheral vascular disease), cardiac history (Canadian Cardiovascular
Society classification; congestive heart failure history; previous myocardial
infarction; left ventricular ejection fraction grade; cardiogenic shock; and
preoperative aspirin, beta-blocker, and angiotensin-converting enzyme
inhibitor use), and operative data (eg, preoperative hemoglobin,
reoperation, surgical status, surgical procedure, intra-aortic balloon pumprdiovascular Surgery c Volume 148, Number 1 291
TABLE 1. Propensity matched postoperative outcomes related to the model of intensive care unit (ICU) care
Outcome SICU CICU P value Odds ratio (95% CI)
ICU outcomes
Albumin [5% and 25%] use 161 (59.4) 154 (56.8) .54 0.90 (0.64-1.27)
Albumin [5% and 25%] units 4.07  3.27 3.90  4.74 .71 —
Pulmonary artery catheter use 190 (70.1) 148 (54.6) <.001 0.51 (0.36-0.73)
ICU transfer delay, d 0.31  0.59 0.35  0.53 .42 —
Median ICU LOS, d 3.7 (3.1-6.3) 4.1 (3.1-6.3) .69 —
ICU recidivism 38 (14.4) 27 (10.0) .12 0.66 (0.39-1.12)
ICU mortality 11 (4.1) 5 (1.9) .13 0.44 (0.15-1.30)
Postoperative outcomes
Reoperation for bleeding 41 (15.1) 40 (14.8) .90 0.97 (0.61-1.56)
Perioperative myocardial infarction 7 (2.6) 5 (1.9) .56 0.71 (0.22-2.26)
Postoperative atrial fibrillation 111 (41.0) 101 (37.3) .38 0.86 (0.61-1.21)
Postoperative cerebrovascular accident 16 (5.9) 15 (5.5) .85 0.93 (0.45-1.93)
All postoperative infections 56 (20.7) 49 (18.1) .45 0.85 (0.55-1.30)
Median hospital LOS, d 11 (8-19) 10 (7-14) <.001 —
Thirty-day mortality 16 (5.90) 15 (5.54) .85 0.93 (0.45-1.93)
Vales are given as n (%), mean standard deviation, or median (interquartile range). SICU, Surgical intensive care unit;CICU, cardiac surgery intensive care unit;CI, confidence
interval; LOS, length of stay; ICU, intensive care unit.
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Muse, and cardiopulmonary bypass time) were also included. Propensity
scores were used to match patients in the CICU cohort with like patients
in the SICU cohort. A greedy matching procedure selected match pairs
initially identical to 5 decimal places of probability.20 If no match existed
at 5 decimal places, matching would occur at 4 decimal places and so on. If
no match existed at 1 decimal place then that patient was excluded from the
study. The high matching success was designed to reduce the possibility of
introducing systematic biases. Statistical analyses were conducted using
SAS version 9.1 (SAS Institute, Cary, NC).
RESULTS
Baseline Characteristics
Of 1465 SICU patients who underwent cardiac surgery
during the period of study, 358 (24.4%) were identified as
having a prolonged ICU stay. Within the CICU, 449
(23.9%) of 1875 patients required a prolonged stay in the
ICU. Preoperative baseline demographics, preexisting
medical conditions, and operative details of the unmatched
prolonged ICU stay study cohorts are listed in Table E2.
Several important preoperative differences within the
unmatched cohorts existed. Therefore, propensity matching
was used to equate these differences.
Baseline Characteristics After Propensity Matching
Propensity matching between both cohorts was
successful for 271 (75.7%) patients. Following matching,
the previously described differences were eliminated in
the matched study cohorts (Table E3). The propensity-
matched cohorts were used for all subsequent outcome
comparisons.
Primary Objective (LOS, Recidivism, andMortality)
Postoperative ICU and hospital end points are outlined in
Table 1. There was no difference in ICU LOS between the
models of care (3.7 days vs 4.1 days; P ¼ .69). However,292 The Journal of Thoracic and Cardiovascular Surgit should be realized that the patients no longer needed to
go to a SDU for further monitoring but could go straight
to the ward. Transfer from the ICU was not delayed when
compared with the SICU model of care (0.35 hours vs
0.31 hours; P ¼ .42). The CICU model was associated
with a nonsignificant decrease in ICU recidivism (14.4%
vs 10.0%; P ¼ .12). Indications for readmission can be
found in Figure E1. No difference was found in ICU
LOS; however, the median hospital LOS was significantly
shorter in the CICU cohort of patients by approximately 1
median day (12.3 [interquartile range, 8.2-20.2] vs 11.0
[interquartile range, 7.1-14.8]; P< .01) (Figure 1). Both
ICU and 30-day mortality were similar between cohorts.Primary Objective (Transfusion and Mechanical
Ventilation)
There was a decrease in the proportion of patients
requiring mechanical ventilation within the CICU model;
however, there was no difference in median duration of me-
chanical ventilation (26.0 vs 32.2 hours) for those requiring
respiratory support (Figures E2 and E3). There was a
significant decrease in the proportion of patients
transfused allogeneic blood products in the CICU cohort
(Figure 2, A). Furthermore, the number of packed red blood
cell units was also reduced in the CICU cohort (Figure 2,B).Secondary Objective (ICU Complications)
Figure 3 describes the common ICU complications. The
CICU cohort had fewer complications relating to sepsis and
renal dysfunction. There was a trend toward fewer
incidences of central line infections and cardiac arrests.
However, neurologic dysfunction was higher in the CICU
cohort compared with the SICU cohort. The CICU modelery c July 2014
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Mof care was associated with reduced vasoactive drug use
(94.1% vs 87.1%; P < .05) (Figure E4) in addition to
the administration of hydroxyethyl starch (Figure 4).
Furthermore, albumin use did not increase, and remained
similar between both cohorts (Table 1). More importantly,
given that vasoactive drug and colloid use was reduced,
the insertion of pulmonary artery catheters to aid
management did not increase, but was in fact significantly
less in the CICU cohort (70.1% vs 54.6%; P < .001)
(Table 1).
DISCUSSION
Increasing evidence suggests that 24-hour in-house
intensive care physician staffing models of care not only
close the gap between ‘‘on- and off-hour’’ patient care,
but may also improve hospital morbidity/mortality while
improving staff satisfaction and processes of care.21 Despite
appreciating that the first several hours following admission
to an ICU are the most critical for patients after cardiac
surgery,22 and although intuitive, few studies exist
addressing the role of having physicians with advanced
skills present at the bedside, available 24/7.21 Jacobs and
colleagues12 found a reduction in risk-adjusted mortality
for patients following coronary artery bypass grafting
following implementation their 24/7 in-house intensivist
coverage. Recently, we described our experience with
24/7 in-house consultant staffing after cardiac surgery.13
By performing a propensity-matched study, we found that
24/7 in-house consultant coverage was associated with
decreases in the requirement for mechanical ventilation,
blood transfusion, and total hospital LOS. However patients
undergoing cardiac surgery represent dichotomous groups
of acuity with lower-risk patients, representing a large
proportion of patients. This cohort can be often safely
managed in a lower acuity setting, such as the recovery
unit following anesthesia.23 In our study, we focused on
higher-risk patients who would benefit from specialized
around-the-clock care.
From our findings, the influence of our CICU staffing
model (ie, 24/7 intensivist coverage) on patients with a
prolonged ICU stay (>48 hours) following cardiac surgery,
can be summarized as follows. There was a reduction in
total hospital LOS, but not ICU LOS. There was no change
in ICU recidivism, ICU mortality, or 30-day mortality.
Twenty-four/7 intensivist coverage was associated with
a reduction in the proportion of patients requiring
mechanical ventilation; however, there was no change in
the median duration of support once initiated. Allogeneic
blood product use (both proportion of patients receiving
transfusion and number of units given) decreased with
24/7 intensivist coverage. ICU complications such as
renal dysfunction and sepsis were reduced; however,
neurologic dysfunction increased with the staffing model.
Finally there was a reduction in vasoactive drug use,The Journal of Thoracic and Cahydroxyethyl starch administration, and pulmonary artery
catheter insertion.
Due to its low event rate and potentially destined selec-
tion bias, mortality remains a poor indicator of quality of
care. A potentially better assessment would be to examine
ICU practices and processes of care unique to patients
following cardiac surgery.8,9 In our model, the presence of
a 24/7 board-certified intensivist at the bedside was associ-
ated with a reduction in interventions known to have an
influence on morbidity following cardiac surgery. As an
example, blood transfusion—which has known short- and
long-term negative effects24,25—was reduced. In addition,
there was a decrease in the use of ancillary ICU agents
such as vasoactive drugs, pulmonary artery catheters, and
colloid fluids. Furthermore, because there were no
major policy changes at our institution during the study
period, the decrease in ICU complications, although
multifactorial, can also be partly attributed to the focused
24/7 care. Finally, medical errors leading to deaths have
also been studied following cardiac surgery. Guru and
colleagues26 found that approximately two-thirds of
preventable deaths in patients undergoing coronary artery
bypass surgery were related to ICU problems. The SICU
model of care had extended work hours for interns, which
has been associated with an increase in medical errors
within the ICU environment.27 It therefore can be surmised
that an intensivist, who has predefined work hours in which
they remain at patient bedsides, particularly when there are
multisystem issues present, is the ideal individual to oversee
core management issues.
LOS has been used as a surrogate end point of the
aforementioned outcomes. With the elimination of the
SDU in our CICU model, patients were directly transferred
to the ward. As a result, instead of convalescing in an ICU
followed by an SDU environment, patient care was
optimized/streamlined in the ICU with 24/7 in-house
coverage to allow safe discharge to the general ward. This
idea is support by Higgins and colleagues28 who found
that LOS was associated with physician staffing. They
concluded that having critical care fellows, versus
full-time intensivists, was a predictor of prolonged ICU
stay. Additionally, it is unknown if the CICU intervention
decreased ICU LOS from>48 hours to<48 hours, because
these patients were excluded from the study. It could also be
argued that if the SDU was not eliminated, the CICU LOS
might have decreased. LOS remains difficult to study
because institutions vary in their management of longer-
stay patients. In our institution, patients who still require
long-term rehabilitation once their cardiorespiratory status
has stabilized are transferred to the rehabilitation ward of
the hospital. This policy did not change during the study
period. Importantly, this duration of care is included
in the total hospital LOS. Other institutions may transfer pa-
tients to specifically designed long-term care facilities.29,30rdiovascular Surgery c Volume 148, Number 1 293
FIGURE 1. Breakdown of total hospital length of stay (LOS). Therewas no difference in intensive care unit (ICU) and ward LOS between the surgical ICU
(SICU) model and the cardiac surgery ICU (CICU) model of care. Total LOS is decreased as a result of the elimination of the step-down unit within the CICU
model of care. As a result of the breakdown of the data, total median LOS differs to some extent from the cumulative (ICU þ step-down unit þ ward)
median LOS.
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the total LOS, making comparisons difficult.
Our model of ICU care was associated with an
increased incidence of neurologic dysfunction. Neurologic
dysfunction was defined as 1 of the following: cerebral
vascular accident, seizure, dementia, transient ischemic
attack, or delirium. The primary neurologic dysfunction
observed was delirium. There has been an increasing
awareness of the detrimental effect of delirium in patients
undergoing cardiac surgery during the past number of
years.31,32 Although a formalized, physician-led delirium
screening protocol was not implemented until 2010 at our
center, we hypothesize that the increased awareness brought
about closer monitoring and intervention and thus a higher
reported rate of neurologic dysfunction. It is possible that
despite propensity matching the patients, delirium remains
a surrogate marker for overall health that changed during
the study period.
In-house staffing of ICUs by intensivists remains a
controversial issue. Although several studies have been
published, debate continues to revolve around efficacy,
staffing models, potential for staffing shortage, and
cost-effectiveness.21,33 Wallace and colleagues34 recently
published their findings with nighttime intensivist staffing.
The study compared the addition of in-house nighttime
intensivist coverage to both optional daytime intensivist
consultation (low intensity), and to mandatory daytime
intensivist consultation (high intensity). They found that294 The Journal of Thoracic and Cardiovascular Surgthe addition of a nighttime intensivist to a low-intensity
daytime staffing model was associated with a reduction in
mortality (OR, 0.62; P ¼ .04). It is unclear, however, if
the study included patients after cardiac surgery. In addi-
tion, was the positive benefit in the low-intensity cohort a
result of nighttime intensivist staffing, or was the lack of
benefit in the high-intensity cohort was a result of manda-
tory daytime intensivist presence?
It is known that the first 24 hours following cardiac
surgery are the most crucial.22 Despite this there is limited
literature addressing the role of 24/7 intensivist staffing for
these particular patients. It can be argued that having a
bedside intensivist improves patient management during
after-hours periods and bridges ongoing active care from
the daytime, through the night, to the following day. As
with our model, care is optimized on an ongoing basis to
prepare a patient for eventual discharge directly to the
ward. Conversely with resident physicians, there remains
an element of inconsistency and lack of experience during
off-hours. Depending on current institutional practices,
implementing 24/7 coverage may not be cost-beneficial.
Our institution is the sole provider of cardiac surgical
procedures for the region (1.2 million patients referral
base). In our model, the cost of 24/7 intensivist coverage
is weighed against the potential savings associated with a
reduction in hospital LOS and decreased mechanical
ventilation and blood product use. Because our center
performs>1100 procedures annually, our model may wellery c July 2014
FIGURE 2. A, Proportion of patients receiving transfusion of allogeneic blood products. A significant reduction in the proportion of patient receiving
packed red blood cells (PRBCs), fresh frozen plasma (FFP), and platelets was observed in the cardiac surgery intensive care unit (CICU) cohort
(solid bars) compared with the surgical intensive care unit (SICU) cohort (open bars). B, PRBC units transfused. Overall, at each unit increment, the
CICU (solid bars) cohort was transfused less in comparison to the SICU (open bars) cohort.
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anticipated shortage of intensivists, implementing 24/7
coverage remains difficult.21 Our institution has focused
on recruiting individuals specifically with a cardiac
background (ie, cardiac surgeons and cardiac anesthetists)
cross-trained in critical care medicine. These individuals
have the benefit of a deep understanding of patients’ cardiac
operative procedures in addition to providing multisystem
care. With the growing interest in dedicated cardiothoracic
ICUs, surgeons and anesthetists may be more enthusiastic
to cross-train in critical care.35The Journal of Thoracic and CaAn observational study such this is not without
limitations. Because a randomized trial comparing ICU
models is not feasible, a before-and-after design, as
employed by others, was used.8,23,36 In addition, although
our data was collected in a prospective manner, our study
remains retrospective with the inherent selection biases.
To limit these biases and reduce variability, propensity
matching on more than 20 clinical, physiologic, and
surgical variables was employed. Although our study
period was limited to 4 years (2005-2008), temporal
changes in ICU care could have occurred over that time.rdiovascular Surgery c Volume 148, Number 1 295
FIGURE 3. Intensive care unit (ICU) complications. The cardiac surgery ICU (CICU) (solid bars) cohort had significantly reduced incidences of sepsis and
renal dysfunction compared with the surgical ICU (SICU) cohort; however, the CICU cohort had a higher incidence of neurologic dysfunction.
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institutional treatment or policy changes that occurred
that would have had a foreseeable influence. Gajic
and colleagues9 demonstrated the benefits associated
with improved processes of care. Because ours was aFIGURE 4. Hydroxyethyl starch use. A, Therewas a significant reduction in pr
reduction in the average number units transfused in the cardiac surgery intensiv
care unit (SICU) (open bars) cohort.
296 The Journal of Thoracic and Cardiovascular Surgretrospective study, we were unable to address if
compliance with processes of care changed with intensivist
staffing. Because we are reviewing end points that have a
low event rate, our sample size may in fact be too small
to detect a difference. The only remedy to this would beoportion of patients given hydroxyethyl starch. B, Therewas also significant
e care unit (CICU) (solid bars) cohort compared with the surgical intensive
ery c July 2014
Kumar et al Perioperative Managementto include other institutions or have a longer study period.
Both of which would introduce further bias that would be
difficult to control for. Finally, as previously mentioned
our CICU model incorporated newly trained cardiac
surgeons and anesthesiologists cross-trained in critical
care medicine. Including such individuals may have
brought about an environment of more observant and
responsive care not previously present in SICU models.P
MCONCLUSIONS
For patients with a prolonged ICU stay (>48 hours)
following cardiac surgery, our model of 24/7 intensivist
coverage was associated with reductions in total hospital
LOS, requirement for mechanical ventilation, and
allogeneic blood products. There was no change in ICU
LOS, nor ICU and 30-day mortality. ICU processes of
care also demonstrated improvement with 24/7 intensivist
coverage. Further studies are required to determine the
financial implications of such an ICU staffing model.
The authors thank Verna Tribula for her endless efforts in
maintaining the cardiac surgical database.
References
1. ElBardissi AW, Aranki SF, Sheng S, O’Brien SM, Greenberg CC, Gammie JS.
Trends in isolated coronary artery bypass grafting: an analysis of the Society
of Thoracic Surgeons adult cardiac surgery database. J Thorac Cardiovasc
Surg. 2012;143:273-81.
2. Atoui R, Ma F, Langlois Y, Morin JF. Risk factors for prolonged stay in the
intensive care unit and on the ward after cardiac surgery. J Card Surg. 2008;
23:99-106.
3. Hein OV, Birnbaum J, Wernecke K, England M, Konertz W, Spies C.
Prolonged intensive care unit stay in cardiac surgery: risk factors and
long-term-survival. Ann Thorac Surg. 2006;81:880-5.
4. Herman C, Karolak W, Yip AM, Buth KJ, Hassan A, Legare JF.
Predicting prolonged intensive care unit length of stay in patients undergoing
coronary artery bypass surgery–development of an entirely preoperative
scorecard. Interact Cardiovasc Thorac Surg. 2009;9:654-8.
5. Nilsson J, Algotsson L, Hoglund P, Luhrs C, Brandt J. EuroSCORE predicts
intensive care unit stay and costs of open heart surgery. Ann Thorac Surg.
2004;78:1528-34.
6. Haupt MT, Bekes CE, Brilli RJ, Carl LC, Gray AW, Jastremski MS, et al.
Guidelines on critical care services and personnel: recommendations based on a
system of categorization of three levels of care. Crit Care Med. 2003;31:2677-83.
7. Parshuram CS, Kirpalani H, Mehta S, Granton J, Cook D. In-house, overnight
physician staffing: a cross-sectional survey of Canadian adult and pediatric
intensive care units. Crit Care Med. 2006;34:1674-8.
8. Arabi Y, Alshimemeri A, Taher S. Weekend and weeknight admissions have the
same outcome of weekday admissions to an intensive care unit with onsite
intensivist coverage. Crit Care Med. 2006;34:605-11.
9. Gajic O, Afessa B, Hanson AC, Krpata T, Yilmaz M, Mohamed SF, et al.
Effect of 24-hour mandatory versus on-demand critical care specialist presence
on quality of care and family and provider satisfaction in the intensive care unit of
a teaching hospital. Crit Care Med. 2008;36:36-44.
10. Hixson ED, Davis S, Morris S, Harrison AM. Do weekends or evenings matter in
a pediatric intensive care unit? Pediatr Crit Care Med. 2005;6:523-30.
11. Luyt CE, Combes A, Aegerter P, Guidet B, Trouillet JL, Gibert C, et al.
Mortality among patients admitted to intensive care units during weekday day
shifts compared with ‘‘off’’ hours. Crit Care Med. 2007;35:3-11.
12. Jacobs M, Hussain E, Hall M. Stranger in a strange land: internists in
cardiothoracic intensive care. New Horiz 1999;e1-7.
13. Kumar K, Zarychanski R, Bell DD, Manji R, Zivot J, Menkis AH, et al. Impact of
24-hour in-house intensivists on a dedicated cardiac surgery intensive care unit.
Ann Thorac Surg. 2009;88:1153-61.The Journal of Thoracic and Ca14. Bapat V, Allen D, Young C, Roxburgh J, Ibrahim M. Survival and quality of life
after cardiac surgery complicated by prolonged intensive care. J Card Surg.
2005;20:212-7.
15. Bashour CA, Yared JP, Ryan TA, Rady MY, Mascha E, Leventhal MJ, et al.
Long-term survival and functional capacity in cardiac surgery patients after
prolonged intensive care. Crit Care Med. 2000;28:3847-53.
16. Moller CH, Perko MJ, Lund JT, Andersen LW, Kelbaek H, Madsen JK, et al.
No major differences in 30-day outcomes in high-risk patients randomized to
off-pump versus on-pump coronary bypass surgery: the best bypass surgery trial.
Circulation. 2010;121:498-504.
17. Doering LV, Esmailian F, Imperial-Perez F, Monsein S. Determinants of intensive
care unit length of stay after coronary artery bypass graft surgery. Heart Lung.
2001;30:9-17.
18. Cohn WE, Sellke FW, Sirois C, Lisbon A, Johnson RG. Surgical ICU recidivism
after cardiac operations. Chest. 1999;116:688-92.
19. Zarychanski R, Doucette S, Fergusson D, Roberts D, Houston DS, Sharma S,
et al. Early intravenous unfractionated heparin and mortality in septic shock.
Crit Care Med. 2008;36:2973-9.
20. Parsons L. Reducing bias in a propensity score matched-pair sample using greedy
matching techniques. Cary, NC: The SAS Institute; 2001.
21. Arabi Y. Pro/con debate: should 24/7 in-house intensivist coverage be
implemented? Crit Care. 2008;12:216.
22. St Andre AC, DelRossi A. Hemodynamic management of patients in the first 24
hours after cardiac surgery. Crit Care Med. 2005;33:2082-93.
23. Ender J, Borger MA, Scholz M, Funkat AK, Anwar N, Sommer M, et al.
Cardiac surgery fast-track treatment in a postanesthetic care unit: six-
month results of the Leipzig fast-track concept. Anesthesiology. 2008;109:
61-6.
24. Kuduvalli M, Oo AY, Newall N, Grayson AD, Jackson M, Desmond MJ, et al.
Effect of peri-operative red blood cell transfusion on 30-day and 1-year mortality
following coronary artery bypass surgery. Eur J Cardiothorac Surg. 2005;27:
592-8.
25. Koch CG, Li L, Duncan AI, Mihaljevic T, Cosgrove DM, Loop FD, et al.
Morbidity and mortality risk associated with red blood cell and blood-
component transfusion in isolated coronary artery bypass grafting. Crit Care
Med. 2006;34:1608-16.
26. Guru V, Tu JV, Etchells E, Anderson GM, Naylor CD, Novick RJ, et al.
Relationship between preventability of death after coronary artery bypass graft
surgery and all-cause risk-adjusted mortality rates. Circulation. 2008;117:
2969-76.
27. Landrigan CP, Rothschild JM, Cronin JW, Kaushal R, Burdick E, Katz JT, et al.
Effect of reducing interns’ work hours on serious medical errors in intensive care
units. N Engl J Med. 2004;351:1838-48.
28. Higgins TL, McGee WT, Steingrub JS, Rapoport J, Lemeshow S, Teres D. Early
indicators of prolonged intensive care unit stay: impact of illness severity, physi-
cian staffing, and pre-intensive care unit length of stay. Crit Care Med. 2003;
31(1):45-51.
29. Friedman R, Kalant N. Comparison of long-term care in an acute care
institution and in a long-term care institution. Can Med Assoc J. 1998;159:
1107-13.
30. Lee DH, Buth KJ, Martin BJ, Yip AM, Hirsch GM. Frail patients are at
increased risk for mortality and prolonged institutional care after cardiac surgery.
Circulation. 2010;121:973-8.
31. Bakker RC, Osse RJ, Tulen JH, Kappetein AP, Bogers AJ. Preoperative and
operative predictors of delirium after cardiac surgery in elderly patients.
Eur J Cardiothorac Surg. 2012;41:544-9.
32. Koster S, Hensens AG, Schuurmans MJ, van der Palen J. Consequences of
delirium after cardiac operations. Ann Thorac Surg. 2012;93:705-11.
33. Jones SF, Gaggar A. Is there a doctor in the house? The downside of 24/7
attending coverage in academic intensive care units. Am J Respir Crit Care
Med. 2010;181:1280-1.
34. Wallace DJ, Angus DC, Barnato AE, Kramer AA, Kahn JM. Nighttime
intensivist staffing and mortality among critically ill patients. N Engl J Med.
2012;366:2093-101.
35. Katz NM. The emerging specialty of cardiothoracic surgical critical care:
the leadership role of cardiothoracic surgeons on the multidisciplinary team.
J Thorac Cardiovasc Surg. 2007;134:1109-11.
36. Novick RJ, Fox SA, Stitt LW, Butler R, Kroh M, Hurlock-Chorostecki C, et al.
Impact of the opening of a specialized cardiac surgery recovery unit on
postoperative outcomes in an academic health sciences centre. Can J Anaesth.
2007;54:737-43.rdiovascular Surgery c Volume 148, Number 1 297
FIGURE E1. Indications for readmission to the intensive care unit. Outside of neurologic dysfunction, both cohorts were similar in the distribution of
readmission diagnoses. SICU, Surgical intensive care unit; CICU, cardiac surgery intensive care unit.
FIGURE E2. Proportion of patients requiring mechanical ventilation. It can be inferred that as intensive care unit length of stay increased, the requirement
for mechanical ventilation also increased in a parallel fashion. Despite this, the cardiac surgery intensive care unit (CICU) cohort (dashed line),
in comparison to the surgical intensive care unit (SICU) cohort (solid line), consistently demonstrated a significantly lower requirement for ventilation
as intensive care unit length of stay increased.
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FIGURE E3. Median duration of mechanical ventilation. There was no difference in duration of mechanical ventilation. IQR, Interquartile range;
CICU, cardiac surgery intensive care unit; SICU, surgical intensive care unit; NS, not significant.
FIGURE E4. Vasoactive drug use. The cardiac surgery intensive care unit (CICU) model was associated with a significant reduction in the overall use of
vasoactive drugs, and in particular, the use of milrinone and phenylephrine. SICU, Surgical intensive care unit.
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TABLE E1. Definition list for intensive care unit (ICU) complications
Complication Definition
Respiratory failure Atelectasis, pulmonary edema, mucus plug, narcotic induced, failure to wean, secondary to cardiac arrhythmias, and other
(eg, bronchitis, flail chest, hemoptysis, pneumomediastinum, and laryngospasm)
Pneumonia Community-acquired pneumonia
Hospital-acquired pneumonia
Ventilator-associated pneumonia
If a patient has been on a ventilator continuously for>48 h
before the onset of infection
If a patient demonstrates a new or worsening or persistent
infiltrate on x-ray compatiblewith pneumonia ANDmeets 1
of the following:
 Fever (temperature>38C) with no other cause
 White blood cell count<4 or>12
 Altered mental status with no other cause in patient aged
>70 y AND meets 1 of the following:
 New onset of purulent secretions
 Change in character of sputum
 Increase in the volume of purulent secretions
 Increase in suction requirements
 New onset of worsening cough
 New onset of dyspnea or increased respiratory rate
 Increase in oxygen requirement or ventilatory support AND
meets 1 of the following:
 Pathogen isolated from sputum in last 48 h
 Blood culture
 Pleural fluid culture
Sepsis Septicemia Bacteremia/fungemia
Septic shock Systolic blood pressure<90 mm Hg for>30 min and not
responding to fluids
Mean arterial pressure<65 mm Hg or blood pressure drop
>40 mm Hg from baseline for>30 min
Use of vasopressor to maintain a systolic blood pressure
>90 mmHg in the absence of other causes of shock PLUS 2
of the following:
 Temperature>38.5C
 Heart rate>90
 Respiratory rate>20 PLUS 1 or more of the following:
 Neurologic changes
 Lactic acidosis
 Oliguria
 Hypoxia
 Coagulopathy
Cardiac arrhythmia Bradyarrhythmias (eg, complete heart block, torsades, and sick sinus syndrome)
Tachyarrhythmias (eg, atrial fibrillation, atrial flutter, supraventricular tachycardia, and ventricular tachycardia)
Central line infection
ICU-associated central line-related blood stream infection is
not present on admission to ICU
The patient must have been in the ICU for 48 h for the central
line-related blood stream infection to be considered ICU
associated, unless compelling evidence suggests the
infection was ICU associated
Patient has a recognized pathogen cultured from 1 blood
cultures and the organism cultured from blood is not related
to an infection at another site
Patient has at least 1 of the following signs or symptoms:
 Fever (temperature>38C)
 Chills
 Hypotension
 Signs of infection of catheter insertion site/tunnel AND
(Continued)
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TABLE E1. Continued
Complication Definition
Common skin commensal is cultured from at least 1 of the
following:
 2 or more blood cultures drawn on separate occasions, OR
 At least 1 blood culture from a patient with an intravascular
line AND
 Physician institutes appropriate antimicrobial therapy
Cardiac arrest Witnessed or unwitnessed
Renal dysfunction Acute renal insufficiency Creatinine>250 mmol or a rise>100 mmol from baseline
over the past 24 h
Acute renal tubular necrosis
Acute renal failure Newly dialyzed patient starting during this hospital admission
and was not on outpatient dialysis
Neurologic dysfunction Cerebral vascular accident, seizure, dementia, transient ischemic attack, delirium, other (eg, psychosis, confusion)
ICU, Intensive care unit.
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TABLE E2. Baseline patient characteristics in the unmatched cohort
Characteristic SICU (n ¼ 358/1465) (24.4%) CICU (n ¼ 449/1875) (23.9%) P value
Demographics
Age, y 68.4  9.8 66.8  11.8 .04
Age 70 y 170 (47.5) 206 (45.9) .65
Male 243 (67.9) 288 (64.1) .27
Body mass index 29.00  5.5 28.56  5.4 .26
Smoking history 231 (64.9) 276 (61.5) .32
Diabetes 124 (34.8) 161 (35.9) .76
Family history 152 (42.7) 176 (39.2) .32
Dyslipidemia 246 (69.1) 299 (66.6) .45
Hypertension 259 (72.8) 328 (73.1) .92
Previous cerebral vascular accident 30 (8.4) 33 (7.4) .58
Chronic obstructive pulmonary disease 52 (14.6) 60 (13.4) .61
Chronic renal insufficiency 19 (5.3) 29 (6.5) .50
Peripheral vascular disease 153 (42.9) 132 (29.4) <.01
APACHE II score* 17.25 (4.9) 17.19 (5.5) .87
Cardiac history
Myocardial infarction 213 (59.5) 250 (57.0) .47
Myocardial infarction 21 d 133 (47.8) 167 (45.6) .58
CCS class I-II 94 (26.3) 136 (30.3) .21
CCS class III-IV 264 (73.7) 313 (69.7)
Congestive heart failure history 81 (22.6) 147 (32.7) <.05
Preoperative atrial fibrillation 53 (14.8) 66 (15.0) .93
Preoperative beta-blocker use 255 (71.4) 332 (74.4) .34
Preoperative ACE inhibitor use 206 (57.7) 287 (64.2) .06
Preoperative aspirin use 286 (80.1) 365 (81.7) .58
Cardiogenic shock 22 (6.2) 26 (5.9) .90
Left ventricular ejection fraction 35% 278 (80.6) 339 (80.3) .93
Left ventricular ejection fraction<35% 67 (19.4) 83 (19.7)
Operative details
Preoperative hemoglobin 128.1  21.2 124.0  19.6 .01
Reoperation for surgery 18 (5.0) 37 (8.4) .06
Emergent 46 (12.9) 73 (16.4) .16
Coronary artery bypass grafting 226 (63.1) 234 (52.1) .0018
Coronary artery bypass grafting þ valve 61 (17.0) 79 (17.6)
Valve only 39 (10.9) 59 (13.1)
Other 32 (8.9) 77 (17.2)
Intra-aortic balloon counterpulsation used 54 (15.1) 45 (10.1) .03
Internal thoracic artery used, all cases 272 (76.0) 303 (67.5) .01
Crossclamp time, min 86.65  48.1 82.12  54.0 .22
Cardiopulmonary bypass time, min 136.7  63.6 134.0  126.3 .69
Values are presented as mean  standard deviation or n (%). SICU, Traditional mixed surgical intensive care unit; CICU, cardiac surgery intensive care unit; APACHE II, acute
physiology and chronic health evaluation II; CCS, Canadian Cardiovascular Society; ACE, angiotensin-converting enzyme. *Patients were assessed on the intensive care unit
admission day. The range of scores for this test is 0 to 71.
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TABLE E3. Baseline patient characteristics in the matched cohort
Characteristic SICU (n ¼ 271) CICU (n ¼ 271) P value
Demographics
Age, y 67.73  10.2 67.34  11.3 .68
Age 70 125 (46.1) 129 (47.6) .73
Male 178 (65.7) 179 (66.1) .93
Body mass index 28.43  5.6 28.65  5.4 .64
Smoking history 167 (61.6) 180 (66.4) .24
Diabetes 97 (35.8) 104 (38.4) .53
Family history 115 (42.4) 110 (40.6) .66
Dyslipidemia 183 (67.5) 185 (68.3) .85
Hypertension 192 (70.9) 193 (71.2) .92
Previous cerebral vascular accident 20 (7.4) 19 (7.0) .87
Chronic obstructive pulmonary disease 39 (14.4) 39 (14.4) 1.00
Chronic renal insufficiency 17 (6.3) 15 (5.5) .72
Peripheral vascular disease 97 (35.8) 96 (35.4) .93
APACHE II score* 17.16  4.8 16.89  5.2 .53
Cardiac history
Myocardial infarction 162 (59.8) 152 (56.1) .38
Myocardial infarction 21 d 106 (49.3) 97 (44.9) .36
CCS class I-II 72 (26.6) 75 (27.7) .77
CCS class III-IV 199 (73.4) 196 (72.3)
Congestive heart failure history 62 (22.9) 80 (29.5) .08
Preoperative atrial fibrillation 39 (14.4) 37 (13.7) .80
Preoperative beta-blocker use 200 (73.8) 200 (73.8) 1.00
Preoperative ACE inhibitor use 164 (60.5) 160 (59.0) .73
Preoperative aspirin use 220 (81.2) 219 (80.8) .91
Cardiogenic shock 14 (5.2) 15 (5.5) .85
Left ventricular ejection fraction 35% 209 (80.1) 214 (83.0) .40
Left ventricular ejection fraction<35% 52 (19.9) 44 (17.1)
Operative details
Preoperative hemoglobin 126.6  21.5 126.7  19.2 .96
Reoperation for surgery 15 (5.5) 19 (7.0) .48
Emergent 35 (12.9) 33 (12.2) .80
Coronary artery bypass grafting 159 (58.7) 164 (60.5) .88
Coronary artery bypass grafting þ valve 52 (19.2) 46 (17.0)
Valve only 34 (12.6) 32 (11.8)
Other, n 26 (9.6) 29 (10.7)
Intra-aortic balloon pump used 34 (12.6) 32 (11.8) .79
Internal thoracic artery used (all cases), n 201 (74.2) 201 (74.2) 1.00
Crossclamp time, min 86.47  49.5 88.08  55.3 .72
Cardiopulmonary bypass time, min 136.7  66.3 134.5  70.7 .72
Values are presented as mean  standard deviation or n (%). SICU, Traditional mixed surgical intensive care unit; CICU, cardiac surgery intensive care unit; APACHE II, acute
physiology and chronic health evaluation II; CCS, Canadian Cardiovascular Society; ACE, angiotensin-converting enzyme. *Patients were assessed on the intensive care unit
admission day. The range of scores for this test is 0 to 71.
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